ABSTRACT
Introduction
Information on prevalence of food insecurity, measured as population proportions or counts, at country or at regional level and changes over time, are important in formulating food security focused economic and social policies and development interventions . Literature shows that assessments of food insecurity in Sri Lanka (e.g. Food Program 2002 Program , 2006 have been based on composite indices constructed using aggregate 1 variables falling under the broad dimensions-food availability, economic and physical accessibility which are direct or indirect determinants of food security. Such composite indices help spatial and inter temporal comparisons of 'relative' food security or insecurity, but does not provide estimates of the magnitudes of food insecure populations at a given area at a given point in time. In addition, composite indices carry limitations resulting from choice of variables, statistical aggregation and other issues (De Silva, 2007) inherent to multidimensional composite indices.
Unavailability of proportions or counts of food insecure populations for regions limit formulation of food security focused regional policies and interventions and more importantly the monitoring and evaluation of impacts. In Sri Lanka, with the exception of the food insecurity prevalence estimates at country level (Sri Lanka) 2 constructed by the Food and Agriculture Organization (FAO 2010 (FAO , 2012 ), estimates of proportions or counts of food insecure individuals in different geographic regions, at different points in time are not available. Therefore in this paper we estimate food insecure population proportions at District level by applying a method available in the international literature (Sibrian 2007 In line with the definitions in the literature (e.g. FAO 2010 , 2012 in this study an individual is defined food insecure if the individual's food energy intake is below a nutritionally recommended minimum level. The basic premise underlying the use of food energy intake as a food insecurity indicator is that a human being is considered undernourished and hence food insecure if the level of his or her habitual dietary energy intake is below the minimum level nutritionists deem appropriate (FAO 2012) . The definition on food security used in the Declaration of the World Summit on Food Security (FAO 2009) implies that food security is very much a multidimensional phenomenon, with the final outcome being an adequate intake of food energy and nutrients. With regard to adequacy of nutrients, literature (Naiken 2003 , Nanayakkara and Premaratne 1987 , Nanayakkara 1994 ) supports that food giving the required dietary energy bring with it proteins and other nutrients as well, and hence justifies focus on the energy intake.
Based on the work of Sibrian (2007) , the probability density function of per capita 
Definition of food and nutrition insecurity
Definition of food insecurity is a key concern in measuring food insecurity. Up to the 1970s, food security was seen from a supply side perspective, as stability of food supplies to sustain expansion of food consumption. By the 1980s the perspective was broadened to include physical and economic access by all people to available supplies, implying focus on both demand and supply sides of food security (FAO 1983) . In the 1990s the FAO further broadened the definition to incorporate nutrition, food safety, and social preferences (FAO 1996 classified Divisional Secretariats (sub administration level below District level) using indices on vulnerability to food insecurity, constructed using aggregate data on availability, access and utilization of food. These studies are based on the premise that food insecurity is a multidimensional concept and hence focus on determinants of food insecurity and vulnerability within the broad groups of food availability, access to food, utilization and vulnerability.
Selected literature on estimation of prevalence of food insecurity
Sukhatme (1961) (cited in Naiken (2003)) estimated food insecurity using food energy intake as the indicator of food insecurity 3 , and defined food insecurity as food energy intake falling below a minimum required level. Considering that the energy requirement of an individual depends on age, sex, body weight, physical activity status and also by the body's efficiency of energy utilization, Sukatme proposed using a bivariate probability density f(x,r) of energy intake (x) and requirement (r) and estimating the proportion of individuals P(U) with intake below requirement r, by: (1) Although the actual food energy intake (x) of each individual can be measured using information on food consumption, the actual individual requirement of food energy (r) is unknown because it depends on the individual's biological factors (age, sex, body weight, activity and the ability of the individuals body to utilize food). Therefore, information on the joint density f(x,r) cannot be obtained empirically. But, hypothetically, within a group of individuals with the same biological factors, whose minimum dietary energy requirement is r L the proportion of people not satisfying the minimum energy requirement is given by: (2) where f(x) is the density function of dietary energy intake, and r L is a cut-off point reflecting the minimum dietary energy requirement.
Naiken (2003) taking note of the uni-modal nature, short lower tail and longer upper tail of per capita dietary energy consumption distribution, used a lognormal distribution to represent the marginal density function. Naiken derived the cut-off point, minimum dietary energy requirement, by aggregating the age-sex specific energy requirements using the proportion of population within these groups as weights.
Smith et. al (2006) used a direct comparison of household energy consumption with the minimum energy requirement level, for each household. The household minimum energy requirement was derived taking into consideration energy requirement based on median reference body weights in the World Health Organization growth standards corresponding to each household member's age, sex and activity status. Based on household survey consumption data, each household whose energy intake was below the requirement was classified as undernourished. The prevalence of undernourished in the population was taken to be the ratio between total number of individuals classified as under nourished in the sample divided by the total number of individuals in the sample.
Methodology
We estimate the prevalence of food insecurity using the method used in Sibrian (2007) which has been built on the works of Sukhatme (1961) and Naiken (2003) . This method takes into account the variations in dietary energy consumed within the population, due to biological factors and income factors, and measures, prevalence of food insecurity as the proportion of the population whose per capita minimum dietary energy requirement per day are unsatisfied. They assumed that the probability density function of per capita dietary energy consumption f(x) follows a lognormal distribution and estimated proportion of food insecure P(x< r 0 ) as given in equation (3) . (3) When f(x) is lognormal with parameters mean µ and variance σ 2 , µ = log e x -σ 2 /2 (4)
and the only information required to specify the distribution are the mean x which is the mean of x and CV (x) which is the coefficient of variation of x. The household dietary energy intake is taken to vary by income and also by biological factors (age, sex, activity level, the later three being factors determining dietary energy requirement). Then,
Where CV(xlν) is the coefficient of variation in dietary energy intake due to income (ν) and CV(xlη) is the coefficient of variation in dietary energy intake due to biological (age, sex, physical activity status) requirements . Sibrian and Naiken (2007) estimated CV(xlη) to be on an average 0.2. CV (xlν) is given by ISBN-1391-4987
where
µ (x) = ∑ j f j (xlν) j /n (9) where k is the number of income classes, f j is the number of sampled households within the j th income class, (xlν) j is the average dietary energy consumption per person per day of the j th income class, and n is the total number of sampled households. Substitution in to equations (2) and (3) Table 1 reveal a very important point: based on per capita dietary energy intake as the criterion for identifying the food insecure, the Western province consisting of Colombo, Gamapaha and Kalutara Districts, which is the most populated and most urbanized province in Sri Lanka also has the largest number of food insecure people. 
Results and Analysis

Comparison with District average energy intake estimates
At 
Comparison with findings from composite indices
The correlations between District rankings based on prevalence of food insecurity and the District rankings based on food insecurity vulnerability indices constructed by De Silva (2007) Correlation estimates coming from both studies show that the District food insecurity vulnerability rankings based on food availability, affordability, accessibility are moderately correlated with the prevalence of food insecurity, but move in the same direction. Therefore food insecurity prevalence estimates complement food insecurity and vulnerability estimates based on composite indices and can be used to strengthen spatial as well as temporal comparisons.
Food insecurity and poverty
Comparing ranking of Districts based on prevalence of food insecurity, and rankings based on official poverty estimates of the DCS (Department of Census and Statistics, Sri Lanka 2008c, 2011), contrary to our expectations that poverty and food insecurity should move in the same direction, Figures 1 and 2 shows that Districts with lower levels of expenditure poverty (Department of Census and Statistics, Sri Lanka 2008c, 2011, 204) having higher prevalence of food insecurity and vice versa. The Districts Colombo, Gampaha and Kalutara which have low poverty levels show high food insecurity, while Nuwara Eliya, Moneragala, Badulla which have high poverty levels show low food insecurity. High food insecurity in Districts with low levels of poverty may be resulting from low expenditure on food, and more particularly low expenditure on energy yielding staples, despite higher levels of total expenditure on food and non-food, which qualifies a household to be above the poverty line. Table 2 shows that in the Districts where prevalence of food insecurity is high (e.g. Colombo, Gampaha and Kalutara) the food ratios 5 as well as share of energy from staples are low compared to the Districts where prevalence of food insecurity is low (e.g. Nuwara Eliya, Moneragala). The ranking of Districts based on prevalence of food insecurity are negatively correlated to ranking of Districts based on food ratios, 5 Share of expenditure on food to total consumption expenditure averaged over all sampled households in the District. For nutrition outcomes we consider at District level, the percentages of children under 5year who are stunted, under weight for height, and adult women whose body mass index is below the norm, given in DCS ((Department of Census and Statistics, Sri Lanka 2008b). Contrary to our expectations, we find low nutrition out comes in Districts with less food insecure population (Figure 3 ). Analyzing the share of energy from staples (rice, rice based products, wheat flour, wheat flour based products, yams), we find that the Districts in which the average share of energy from staples are high, populations with poor nutrition outcomes are also high. Correlating the District ranks based on share of energy from staples and ranks based on nutrition outcomes, based on 2006-2007 data, we find moderate correlation of 0.48 indicating that, larger the share of energy from staples in the diet larger are the populations with poor nutritional outcomes. Given that staples are high energy sources compared to non-staples, the analysis indicates that Districts with a higher share of energy from staples in the diet, result low nutrition outcomes. This point out the necessity to re-think the assumption (which was based on literature (Naiken 2003 
Food insecurity and nutrition outcomes
Conclusions and Recommendations
In line with the literature an individual was defined food insecure if the food energy intake fell below a nutritionally recommended minimum level. Applying a method available in the international literature to nationally and periodically 6 Colombo turned out to be the most food insecure District, while Nuwara Eliya remained least food insecure. The results point out that, based on per capita food energy intake for identification of food insecure populations, the western province (consisting of Colombo, Gampaha and Kalutara Districts) which is also the most populated and urbanized province in the country contains the largest number of food insecure individuals -an important matter to be considered in food policy formulation.
In Sri Lanka previous studies of food insecurity based on composite indices allowed relative comparisons of food insecurity between regions and across time but did not allow the estimation of proportions or counts of food insecure populations and hence it was not possible to know the magnitude of the food insecure populations and changes over time, limiting formulation of food security focused policies and interventions at regional level and more importantly the monitoring and evaluation of impacts of food security interventions. Further the observation that District food insecurity rankings based on composite indices being only moderately but positively correlated with the ranking based on food insecurity prevalence estimates; indicate the need for reconsidering the choice of variables used in constructing composite indices.
High food security but poor nutrition outcomes in Districts where official estimates of expenditure poverty are high reveal the play of low cost high energy staples in the diets of the poor, indicating the likelihood of imbalanced nutrition intakes, which is an important point to be considered in food policy. Also in Districts with low poverty but high food insecurity, especially in urbanized Districts, indications are that despite high levels of total consumption expenditure which made households to be above the official poverty line, less has been spent on food and also less has been spent on energy yielding staples, indicating nutritionally unbalanced diets which is again an important point to be considered in food policy. In terms of methodology, these observations suggest re-thinking the assumption: 'food giving dietary energy bring along with it the protein and other nutrients', and hence indicates the potential to improve the food insecurity measure, by accommodating other nutrient concerns in the threshold level for identifying the food insecure.
